properties using the 4-point COSMIN checklist. Best evidence synthesis was made 37 using COSMIN quality, consistency and direction of findings and sample size. 38
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Introduction 1 2
Robust, population-specific, health outcome measures are an integral part of clinical 3 research and practice. For people with osteoarthritis (OA), outcomes that specifically 4 assess pain and function are advised 1 . Although the results from self-reported 5 questionnaires and performance tests of physical function are related they measure 6 two distinct different constructs, and assessment of both self-reported and 7 objectively measured physical function is recommended [2] [3] [4] . In light of this, a set of 8 performance-based measures to assess physical function in people diagnosed with 9 hip and/or knee OA was recently recommended as complementary to questionnaire 10 data by an international expert advisory group and endorsed by the Osteoarthritis 11
Research Society International (OARSI) 5 . The recommended set for older people 12 with established OA contains three core tests (30-s chair stand test, 40m fast paced 13 walk test, a stair test) and two additional tests (timed up and go test, six-minute walk 14 test). The recommended set of tests was selected based on global expert opinion, 15 feasibility and available measurement property evidence 6 . The tests were 16 considered to require moderate levels of functional demands in that they were 17 neither too easy nor too hard for older people with OA. 18
19
Two of the most common populations known to be at high risk of developing OA are 20 people with a previous hip and/or knee injury and people who are obese [7] [8] [9] [10] [11] [12] [13] [14] [15] . A 21 recent meta-analysis that included approximately 21,000 people found a history of 22 knee injury to be associated with a four-fold increased risk of developing knee OA 7 . 23
Obese or overweight persons have nearly 3 times the risk of incident knee OAM A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
compared with those who are of normal weight 8 and this risk accumulates from 25 exposure to a high body mass index from a young age 15 . Appropriate assessment 26 of physical function and its response to treatment in people who present with 27 ongoing knee pain, such as following knee injury or in obese patients, is essential to 28 clinical practice. Since joint injury commonly is sustained during sports these 29 patients often have a higher than average physical activity level while obese patients 30 more commonly have a lower than average physical activity level. These potential 31 differences in physical activity indicate other tests than for those with established 32 OA may be preferable for people at risk of future OA. Additionally, the measurement 33 evidence for physical performance tests for subgroups at risk of OA has yet to be 34
examined. 35 36
The aim of this study was to systematically appraise the evidence on the 37 measurement properties of performance-based outcome measures for assessing 38 physical function in young and middle-aged people known to be at high risk of hip 39 M A N U S C R I P T
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121
Methodological quality evaluation of the studies 122
The COSMIN tool was used to evaluate the methodological quality of included 123 studies 20 . Two raters independently assessed the quality of included studies using 124 the four-point scored COSMIN checklist 21 . This standardized and validated tool 125 contains multiple items to assess the quality of individual measurement properties 126 such as reliability, measurement error, validity, responsiveness and overall 127 interpretability. Each measurement property is allocated a separate rating (excellent, 128 good, fair or poor) using the "worse-score counts method" for items assessed under 129 the property. 130
131
Evaluation of the measurement property results 132
In addition to a methodological quality evaluation with COSMIN, the quantitative 133 results for each measurement property was assessed using a criteria 22 . These 134 criteria consist of positive (+), indeterminate (?) and negative ratings (-) for each 135 measurement property as defined in Appendix 2. 136 137
Best evidence synthesis: levels of evidence 138
To synthesize the evidence, "a best evidence synthesis" 17 was performed by 139 consensus of two reviewers using the criteria outlined in Appendix 3. The possible 140 levels of evidence for a measurement property are "strong", "moderate", "limited", 141
"conflicting" and "unknown" (Appendix 3). These levels were derived using the 142 methodological quality of the studies (COSMIN score), the rating and consistency of 143 the measurement property result from Appendix 2 (+/?/-), the number of relatedM A N U S C R I P T
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studies evaluating each measurement property and sample size. Multiple studies 145
were only combined when the same variation of the performance-based measure 146 was evaluated for the same measurement property, that is they were comparable 147 with regards to activity and procedure, and they had comparable populations in 148 regards to diagnosis. As recommended, measurement properties from studies that 149
were rated "poor" on the COSMIN were not eligible to be combined in evidence 150 synthesis 17 . 151
152
Following recommendations by the developers of the COSMIN tool and similar 153 procedures applied to performance-based measurement properties employed in our 154 previous review 6 , the sample size item was not used to determine the "worst score 155 counts" for the COSMIN quality score, but instead was accounted for at the evidence 156 synthesis stage. This process, similar to those employed in meta-analysis, enabled 157 the majority of otherwise fair, good or excellent studies to be considered for 158 evidence synthesis, but still enabled sample size to inform the final level of evidence. 159
Evidence could only be assigned as: "strong" when consistent findings were found in 160 multiple good or at least one excellent quality study and the total sample size of 161 eligible combined studies was ≥100; "moderate" when consistent findings in 162 multiple fair or one good quality study with a total sample ≥50, or at least one good 163 or excellent quality study with a total sample of 50-99; "limited" when findings were 164 found in at least one fair, good or excellent quality study and the total samples 165 between 25-49; and "unknown" when findings were of indeterminate rating, in 166 studies with poor methodological quality or with a sample of ≤ 25. 167 M A N U S C R I P T
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Results
170
Description of included studies and performance-based measures 171 172
Twenty eligible studies were identified and are described in Table 1 . The selection 173 procedures are summarized in Figure 1 . 174
175
Measurement properties from 23 single-activity measures were investigated in 19 176 studies [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] and one multi-activity measure was investigated in one study 42 . 177
Fourteen studies included participants with ACL reconstructions 24, [28] [29] [30] [31] [33] [34] [35] [36] [37] [39] [40] [41] [42] 23, 24, 27, 28, 30, [34] [35] [36] [37] [39] [40] [41] ), (5) stairs running 190 (e.g. run a number of stairs 31 ) or (6) running (e.g. run a figure-of-eight 31 ). There 191 M A N U S C R I P T
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were also variations in performance within each category e.g. one-or two-legged 192 performances [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] .
194
The demands of the activities varied from (1) 26, 32 . 212
213
Measurement properties 214
215 M A N U S C R I P T
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Six of the 10 measurement properties outlined in COSMIN were evaluated in the 20 216 included studies (Table 1) . These were reliability [23] [24] [25] [26] [28] [29] [30] 32, 40 and hypothesis testing 217 27, [33] [34] [35] [36] [37] [38] [39] 41 in nine studies each, measurement error in three studies 25, 30, 32 , structural 218 validity in two studies 31, 42 , and interpretability 23 and responsiveness 30 in one study 219 each. Other measurement properties described in COSMIN such as internal 220 consistency, criterion validity, content validity or cross-cultural validity were not 221 assessed in any of the included studies. 222
223
The inter-rater agreement of the independent COSMIN ratings was good (absolute 224 agreement = 85%, kappa = 0.77, 95% CI = 0.51-1.0). Disagreements were mainly due 225 to reading errors and were easily resolved. Measurement properties were rated as 226 "excellent" in one study 42 , as "good" in eight studies [24] [25] [26] [28] [29] [30] 32, 40 , as "fair" in eight 227 studies" 23, 27, 31, [36] [37] [38] [39] 41 and as "poor" in four studies 23, [33] [34] [35] . 228 229
Knee-injured group 230 231
Reliability and measurement error (Table 2 ) 232
The one-legged hop for distance was the most frequently evaluated test in this group 233 23, 24, 27, 28, 30, [34] [35] [36] [37] [39] [40] [41] and was performed with variations in (1) method of 234 measurement (best of two or three trials (cm), mean value of three trials (cm), 235 measure from great toe to heel, and (2) performance (hands behind back or arms 236 free, warm up or not, visible tape measure or not). It was rated positive (i.e. ICC > 237 0.70) for intra-rater reliability in three "good" and one "fair" quality studies on 238 people with meniscectomy 23 and ACL reconstructions 28, 30, 40 . Reliability for this test 239 M A N U S C R I P T
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was also rated positive (ICCs from 0.88 -0.97) in another "good" quality study 24 , 240
however the type of reliability tested was not specified. 241
242
Additionally in studies on people with ACL reconstructions, a positive result rating 243 was reported for intra-rater reliability of the six-meter timed hop (ICCs from 0.82-244 0.97) in three "good" quality studies [28] [29] [30] , the crossover hop for distance (ICC 0.84 245 and 0.98) in two "good" quality studies 29, 30 and the triple hop for distance (ICC 0.88) 246 in one "good" quality study 30 . In people with PFPS, a positive result rating was 247 reported for intra-rater reliability for the balance and reach test (ICC 0.92), the 248 bilateral squat (ICC 0.83), the antero-medial lunge (ICC 0.82) and step down test 249 (0.94) in one "good" quality study 25 . In people with meniscectomy, a positive result 250 rating was reported for intra-rater reliability for the knee bend test (ICC 0.92) and the 251 one-leg rise test (ICC 0.84) in one "fair" quality study 23 . 252
253
Measurement error was assessed in eight studies ( In people with ACL reconstructions, the one-legged hop for distance was rated 259 positive on hypothesis testing in two "fair" quality studies 39, 41 . Two other "fair" 260 quality studies were rated negative 27,36 and one was rated indeterminate 37 . The six-261 meter timed hop test and the crossover hop for distance were positive rated for 262 hypothesis testing in one "fair" quality study 39 , but the crossover hop for distance 263 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT was rated negative in another "fair" quality study 36 . The triple hop for distance was 264 rated positive for both hypothesis testing and structural validity in two "fair" quality 265 studies 31,41 and the stairs hopple test was rated positive for structural validity in one 266
"fair" quality study 31 . The vertical jump test was rated positive for structural validity 267 in one "fair" quality study 31 and rated negative for hypothesis testing in another 268
"fair" quality study 36 . The figure-of-eight and stairs-running test were rated positive 269 in one "fair" quality study on structural validity 31 , whereas negative ratings were 270 reported on hypothesis testing for the co-contraction test, shuttle run test and 271 carioca test in one "fair" quality study 38 . For the test-battery, an indeterminate 272 rating was reported for structural validity in one "excellent" quality study with ACL 273 reconstructions and ACL injuries 42 . 274
275
Responsiveness 276
In studies on people with ACL reconstructions, responsiveness was reported in one 277
"good" quality study for the one-legged hop for distance, six-meter timed hop, 278 crossover hop for distance and triple hop for distance 30 . All were rated 279 "indeterminate" as a result of the correlations being determined only with unrelated 280
constructs. 281 282
Interpretability 283
Interpretability was reported in 7/24 of the performance measures in one "poor" 284 quality study 23 . As such, evidence could only be rated as indeterminate in evidence 285
Obesity group 288 289
The six-minute walk test was the only test evaluated in the obese group 26, 32 . It was 290 rated positive for intra-rater reliability (ICC 0.96) in one "good" quality study 32 and 291 for test-retest reliability (ICC 0.94) in another "good" quality study 26 . Twenty studies reported the measurement properties of 24 performance-based 308 outcome measures of physical function for young and middle-aged people known to 309 be at high risk of hip and/or knee OA. Overall, a great deal of measurement property 310 evidence is unknown for many of the tests identified in the review either because of 311 M A N U S C R I P T
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no available information, indeterminate information or because evidence was rated 312 as poor quality. No performance-based test in this review contained evidence on all 313 measurement properties. Intra-rater reliability was most frequently reported and a 314 number of tests had acceptable levels of evidence for this measurement property. 315
This provides useful, but limited, information for clinicians and researchers about 316 which performance-based tests are currently the best for use in the target 317 population. Furthermore, it clarifies the need for more comprehensive studies 318 investigating measurement properties. 319
320
For the knee-injured group, the strongest positive evidence was found for the one-321 legged hop for distance test 23, 24, 28, 30, 40 . This was followed by moderate positive 322 evidence for the six-meter timed hop [28] [29] [30] and crossover hop for distance 29, 30 . Only 323 limited positive evidence was found for the figure-of This was the only test identified in the current review that was also a recommended 332 performance-based test for people diagnosed with knee OA 6 . This suggests that it 333 may be a useful candidate test to consider when the objective is to measure across 334 age groups in obese populations. 335
For 15 of the 20 identified tests, measurement-property evidence was only 337 evaluated in single studies. Given that many gaps in measurement-property 338 evidence still remain for the performance-based tests included in this review, it is 339 difficult to identify the "best" tests specific for people at high risk of developing OA. 340
Thus, it is only appropriate to highlight those tests with the strongest existing 341 evidence, which may therefore change as further evidence comes to hand. 342
343
The difference between being "at risk" or "at high risk" of developing lower limb OA 344 is often subtle and therefore not always easy to differentiate. We also cannot 345 preclude that some participants included in studies captured in this review were at 346 an early stage of the disease when tested. The age cut-offs for the target population 347 of this review reflected the intent to capture younger people than those included in 348 the previous review and therefore a different population from one that has already 349 been diagnosed with OA 6 . As age has an impact on development of OA 43, 44 , it is 350 important to point out that 16 out of 18 studies for the knee-injured group included 351 a population with a mean age ≤ 31 24, 25, [27] [28] [29] [30] [31] [33] [34] [35] [36] [37] [38] [39] [40] 42 . This characterizes the knee-352 injured population in this review as young rather than middle-aged. In contrast, the 353 mean age for the obese group was ≥ 46 26,32 and would be best characterized as 354 middle-aged, whilst the mean age for the participants diagnosed with OA in the 355 previous review 6 was ≥ 60 years and better characterized as an older population. 356
357
With the intention to capture tests relevant to younger people at risk of OA, two 358 separate and searchable sub-populations that were known to be at high risk were 359 with OA. The functional demands of the performance-based tests identified for each 363 included population was distinct. In the knee-injured group, the identified 364 performance tests represented higher functional demands than the test described 365 for obese people, and did not overlap with tests identified for people diagnosed with 366 OA in the previous review 6 . By contrast in the obese group, the performance test 367 identified (six-minute walk test) was one of the recommended tests for people 368 already diagnosed with OA and represented a lower functional demand than tests 369 identified in the current knee-injured group. 370 371 A number of limitations are acknowledged. Only tests that required non-technical, 372 readily available, inexpensive and portable equipment were eligible for inclusion. A 373 preference for such simple measures that are possible to perform in most settings 374 was made because they are more likely to be implemented in both research and 375 clinical practice. Although the literature search was not limited to those published in 376 the English language, two non-English studies retrieved from the original search 377 were eliminated due to limited translation ability 49, 50 . It is possible that further 378 evidence on additional tests (the six-minute walk test, shuttle test and a functional 379 scale for resumption of sports activity (COFRAS scale)) may have been identified in 380 these two studies. The COSMIN quality-scoring system was originally developed for 381 self-report questionnaires. However, it has also shown to be useful for evaluation of 382 non-patient reported measures 6, 51 . Consistent with our earlier review 6 , it was 383 M A N U S C R I P T A C C E P T E D 
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A large variety of outcome measures are used for young and middle-aged people 398 known to be at high risk of developing hip and/or knee OA and few measurement 399 properties for these tests have been evaluated. For the knee-injured group the one-400 legged hop for distance was the best-rated test followed by six-meter timed hop and 401 crossover hop for distance. For the obese group only the six-minute walk test was 402 evaluated, with moderate positive evidence on intra-rater reliability. This review 403 highlights current gaps in our knowledge about the measurement properties and 404 need for consensus of opinion on which performance tests should be used when 405 assessing physical function in people known to be at high risk of hip or knee OA. 20, 21, 24, 25, 27, [31] [32] [33] [34] [36] [37] [38] +++ ( Unknown ratings due to: sample size ≤25 (reliability/hypothesis testing), indeterminate result rating (measurement error/structural validity/responsiveness), poor COSMIN ratings (interpretability). 
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